Purpose: The physical and chemical compatibility of intravenous acetaminophen with commonly administered injectable medications was evaluated. Methods: Simulated Y-site evaluation was accomplished by mixing 2 mL of acetaminophen (10 mg/mL) with 2 mL of an alternative intravenous medication and subsequently storing the mixture in a polypropylene syringe for 4 hours. The aliquot solutions were visually inspected and evaluated for crystal content at 4 hours by infusing 4 mL of the medication mixture through a 0.45-mm nitrocellulose filter disc. Medication mixtures that were selected for chemical stability testing were analyzed by high-performance liquid chromatography at 0, 1, and 4 hours using a Zorbax Eclipse Plus C18, 4.6 x 100 mm, 3.5-mm column for separation of analytes with subsequent diode-array detection. Medications were considered chemically compatible if the concentrations of all components were .90% of the original concentrations during the 4 hour simulated Y-site compatibility test. Results: U.S. Pharmacopeial Convention (USP) standards for physical particle counts were met for acetaminophen injection (10 mg/mL) when combined with cefoxitin, ceftriaxone, clindamycin, dexamethasone, diphenhydramine, dolasetron, fentanyl, granisetron, hydrocortisone, hydromorphone, ketorolac, meperidine, methylprednisolone, midazolam, morphine, nalbuphine, ondansetron, piperacillin/tazobactam, ranitidine, and vancomycin. Injectable acetaminophen is incompatible with acyclovir and diazepam and therefore should not be administered concomitantly with either of these products. Further testing confirmed the chemical compatibility of acetaminophen with ceftriaxone, diphenhydramine, granisetron, ketorolac, nalbuphine, ondansetron, piperacillin/ tazobactam, and vancomycin. Conclusion: All medications tested with acetaminophen were physically compatible except for acyclovir and diazepam. All 8 medications tested for chemical compatibility with acetaminophen were stable over the 4 hour simulated Y-site administration study.
I n November 2010, intravenous acetaminophen was approved by the US Food and Drug Administration (FDA) for use in the management of pain and/or the reduction or fever. 1 Intravenous acetaminophen was initially approved for use in Europe in 2002, but the relatively recent US approval has prompted a resurgence of publications surrounding the intravenous formulation. Scholarly articles have investigated its pharmacokinetics profile, safety, efficacy, role in the management of postoperative pain, and emergency room utility and have hypothesized concerning the economic advantages and disadvantages of using the intravenous formulation. 2 7 To date, there is limited published information concerning the compatibility of intravenous acetaminophen with other parenteral drug products. Although Trissel's reports on the compatibility of acetaminophen with approximately 40 drugs and infusion solutions, the majority of the listings reference unpublished documents. 8 Additionally, a document obtained by the pharmacy at Primary Children's Hospital (Salt Lake City, UT) from the manufacturer reports that the chemical compatibility for those compounds referenced in Trissel's was a one-way analysis that only assessed the chemical stability of acetaminophen, leaving the secondary component untested (Cadence Pharmaceuticals, personal communication, April 27, 2011). Patients who need multiple injectable medications and have limited intravenous access often require that these therapies be given through the same line. The purpose of this study was to determine and publish the physical compatibility of acetaminophen mixed with 22 separate injectable medications. Secondarily, 2-way chemical compatibility tests were performed on 8 of the drugs that were found to be physically compatible. Physical compatibility and chemical stability were performed using methods referenced in USP Chapters ,788. and ,797.. 9,10
METHODS

Materials
Acetaminophen, a acyclovir, b cefoxitin, c ceftriaxone, d clindamycin, e dexamethasone, f diazepam, g diphenhydramine, h dolasetron, i fentanyl, j granisetron, k hydrocortisone, l hydromorphone, m ketorolac, n meperidine, o methylprednisolone, p midazolam, q morphine, r nalbuphine, s ondansetron, t piperacillin/tazobactam, u ranitidine, v vancomycin, w and syringes x were obtained commercially. Acyclovir, clindamycin, and vancomycin were diluted with normal saline. Cefoxitin, ceftriaxone, and piperacillin/tazobactam were diluted with sterile water for injection. Ranitidine was diluted with 0.45% sodium chloride. All other injectable medications were utilized as obtained from the manufacturer. Nitrocellulose filter discs y were used in particle count analysis. Acetonitrile, z high-performance liquid chromatography (HPLC) grade water, aa triethylamine, bb and phosphoric acid cc were used in preparation of the HPLC mobile phase. Forced degradation studies were performed with sodium hydroxide, dd hydrochloric acid, ee hydrogen peroxide, ff and heat (60°C). Chromatographic analyses were conducted using an Agilent 1160 HPLC system with quaternary pump, gg autosampler, hh thermostatted column compartment, ii and diode-array detector jj with ChemStation software kk and Zorbax Eclipse Plus C18, 4.6 x 100 mm, 3.5-mm column. ll
Physical Compatibility
Simulated Y-site evaluation was accomplished by mixing 2 mL of acetaminophen (10 mg/mL) with 2 mL of an alternative intravenous medication and subsequently storing the mixture in a polypropylene syringe ( Table 1) . Compatibility was assessed as follows. Each aliquot mixture was tested in triplicate by visually inspecting each mixed solution at hours 0 and 4. Visual clarity was evaluated by comparing the solutions against a light and dark background. The aliquot solutions were evaluated for crystal content at 4 hours by infusing 4 mL of the medication mixture through a 0.45-mm nitrocellulose filter disc. Each disc was analyzed quantitatively for crystal precipitates under 100x magnification and recorded. According to the USP standards, solutions are within particle count limits if an aliquot contains less than 12 particles/mL measuring $10 mm and less than 2 particles/mL measuring $25 mm in diameter. 9 Therefore a 4 mL test solution should contain less than 48 particles $10 mm and 8 particles $25 mm in diameter to be considered physically compatible.
Chemical Compatibility
Of those drug entities exhibiting physical compatibility with acetaminophen, 8 drugs were additionally assessed to ensure chemical stability during simulated Y-site administration with acetaminophen. Duplicate samples of drug were prepared in polypropylene syringes as described previously. The concentrations of the analytes of interest were quantified using HPLC stability indicating assays. The mobile phase consisted of acetonitrile and aqueous 0.1% triethylamine adjusted to pH 3 with phosphoric acid. All analyses were performed on a Zorbax Eclipse Plus C18, 4.6 x 100 mm, 3.5-mm column with 1 mL/min elution and diode-array detection. The column compartment was maintained at 25°C. Injection volumes, mobile phase ratios, and detection wavelengths for each analysis are listed in Table 2 . Immediately prior to analysis, each sample was diluted 500-fold with sterile water. Each duplicate sample was analyzed in triplicate initially and at hours 1 and 4.
Five-point linear standard curves were constructed with concentrations at 50%, 75%, 100%, 125%, and 
RESULTS AND DISCUSSION
The use of injectable acetaminophen has increased within our institution since its US market debut. The intravenous formulation provides an alternative route of administration for individuals who require pharmacotherapy for pain and/or fever but cannot take enteral or rectal acetaminophen. Patients often require the administration of multiple intravenous products with limited intravenous access. Therefore, pharmacists and nurses regularly consult tertiary literature sources to assess the compatibility of intravenous products to ensure that safe and optimal therapy is provided to the patient. We chose to study the physical compatibility of acetaminophen with 22 compounds within 3 broad categories: 6 antibiotic/antiviral, 8 pain/sedation, and 8 additional medications commonly used in a postoperative patient care setting. Visual clarity was maintained in all aliquots at 0 and 4 hours, except for diazepam. Physical compatibility for microscopic disc measurements at hour 4 indicated Compatibility of Injectable Acetaminophen that the crystalline particulate count exceeded the USP recommendations for acyclovir and diazepam ( Table 1) . Eight of the medications were further tested to assess chemical compatibility. Acetaminophen retained greater than 99% of its original concentration throughout all testing. The secondary compounds evaluated during the simulated Y-site administration analysis were also found to be stable, retaining greater than 95% of their original concentrations over the 4-hour study duration ( Table 2) .
CONCLUSION
Commercially available acetaminophen injection (10 mg/mL) is physically compatible with cefoxitin, ceftriaxone, clindamycin, dexamethasone, diphenhydramine, dolasetron, fentanyl, granisetron, hydrocortisone, hydromorphone, ketorolac, meperidine, methylprednisolone, midazolam, morphine, nalbuphine, ondansetron, piperacillin/tazobactam, ranitidine, and vancomycin. Injectable acetaminophen is incompatible with acyclovir and diazepam and therefore should not be administered concomitantly with either of these 2 products. Further testing confirmed the chemical compatibility of acetaminophen with ceftriaxone, diphenhydramine, granisetron, ketorolac, nalbuphine, ondansetron, piperacillin/tazobactam, and vancomycin.
